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iNtrODuctiON Food webs and the factors controlling their structures are among the more intensively studied areas in the field of ecology (e.g., Post, 2002; Byrnes et al., 2011; Moore and de Ruiter, 2012) . This interest is stimulated by the need to test theory pertaining to processes that structure ecological communities and food webs (Moore and De Ruiter, 2012) and to better understand and manage the impacts of anthropogenic and natural changes to the world's ecosystems (Naiman et al., 2012) . In marine ecosystems, research is underway to assess the potential ramifications of disturbance-induced short-and longterm changes in habitat structure on food web complexity (Adam et al., 2011; Byrnes et al., 2011) , to evaluate how the removal of top-level predators through fishing influences ecosystem function (Steneck et al., 2004; McCauley et al., 2010; Rosenblatt et al., 2013, in this issue) , and, conversely, to explore how shifts in trophic position associated with changes in the availability of prey resulting from climatic change or other factors influence the performance of individuals and populations of higher-level consumers (e.g., Lindegren et al., 2010) .
Kelp forests and coral reefs are among the most productive ecosystems in the ocean (Hatcher, 1988; Mann, 2000) .
They support a high diversity of species and complex food webs, and both are subject to changes induced by natural and anthropogenic drivers. Kelp forests are highly dynamic ecosystems, with seasonal and interannual variability in their abundance driven by physical disturbance, grazing, and longer-term nutrient regimes such as those caused by El Niño-Southern Oscillation (ENSO) events (Dayton et al., 1999; Reed et al., 2011) . Similarly, in coral reef ecosystems, the cover of live coral can change rapidly in response to disturbances such as coral bleaching events, large waves associated with cyclones, or outbreaks of natural enemies such as the crown-of-thorns sea star, and these effects can be long lasting (Adjeroud et al., 2009; Adam et al., 2011; Kayal et al., 2012) .
One metric that can be used to assess the effects of natural and anthropogenic drivers on the structure of kelp forest and coral reef food webs is the trophic positions of the constituent consumers (Fredriksen, 2003; Jack and Wing, 2011) .
Trophic position can be defined as the location of an organism within a food web, which can be used to characterize variation in the diet of component species in time and space and in food chain length (Post et al., 2000; Post, 2002) .
In order to assign trophic position, it is necessary to acquire information on consumer diet. Assessment of diet items can be inferred from a snapshot analysis of stomach or gut contents and/or from observations of feeding in the field or in the laboratory. These assessments are invaluable in describing specific items ingested, but their identification can be challenging due to maceration and digestion (Carassou et al., 2008; Wyatt, 2012) , and assimilation of different foods may vary (Olive et al., 2003; Wyatt, 2010) . Laboratory studies of feeding or food preference (e.g., Sweeting et al., 2007) 
StaBle iSOtOpeS OF N aND the iNFereNce OF trOphic pOSitiON
An additional approach, which has received considerable attention in recent years, involves using variation in the aBStr act. We explored the use of stable nitrogen (N) isotope analysis to assess trophic position of consumers in two marine ecosystems: the kelp forests of southern California and a coral atoll in the tropical Pacific. The δ 15 N values of consumers in both ecosystems increased from known herbivores (invertebrates and fish) to higher-level consumers (predatory invertebrates and fish). In the absence of data on trophic enrichment in 15 N for our study species, we used the oft-cited value of +3.4‰ increase in δ 15 N value per trophic level and estimates of the δ 15 N producer baseline value to estimate trophic position. The trophic position of consumers computed using N isotopes compared favorably to published observations of diet.
Nitrogen isotope analysis revealed that some of our higher-level fish consumers from rocky reefs (i.e., some rockfish) were feeding largely on invertebrates rather than on fish, as is often assumed. Our analysis also suggests that higher-level consumers on coral reefs may consume more herbivorous prey (i.e., both fishes and invertebrates) than previously reported. Our data support the use of nitrogen isotope values to assess trophic position and, thus, their utility as one metric with which to explore the effects of short-and longer-term natural and human-induced changes on kelp forest and coral reef food webs. stable isotopes of nitrogen (N) to assess trophic position (Fry, 1988; Cabana and Rasmussen, 1996; Post et al., 2000; Vander Zanden and Rasmussen, 2001; Post, 2002) . This approach is based on the presence of two naturally occurring stable N isotopes in nature, the more abundant "lighter" 14 N (99.632% of atmospheric N) and the "heavier" 15 N.
A faster loss of 14 N than 15 N through metabolic activity and excretion generally leaves consumers with a ratio of 15 N to 14 N that is higher than that of their diet, a process known as trophic "fractionation" or "enrichment. " By convention, isotopic ratios are expressed per mil (‰) and represent the relative abundance of the two stable N isotopes to one another in a particular sample compared with the same ratio in atmospheric N. Higher δ 15 N values indicate enrichment of the sample in the rare isotope 15 N relative to the standard and forms the basis for the use of stable isotopes in food web ecology (Peterson and Fry, 1987; Fry, 2006) .
A meta-analysis of trophic enrichment factors (n = 56 examples) found an overall increase in the mean δ 15 N value of consumers relative to their diet of +3.4 ± 1.0‰ (± 1 SD), with no significant difference in this value between herbivores and carnivores (Post, 2002) .
This mean trophic enrichment value was identical to that (+3.4 ± 1.1‰) previously reported by Minagawa and Wada (1984) . Because of the stepwise increase in the δ 15 N value of a consumer relative to its diet, the possibility exists for estimating relative trophic position using the δ 15 N value of the consumer. In order to make an assessment of trophic position, it is necessary to estimate the baseline δ 15 N of the producer(s) (trophic level 1) or a producer proxy (trophic level 2) to which the δ 15 N values of the higher-level consumers can be compared (Hobson and Welch, 1992; Cabana and Rasmussen, 1996; Vander Zanden and Rasmussen, 2001; Post, 2002) . Nitrogen isotope analysis may be particularly informative in evaluating the trophic position of omnivorous species that feed across trophic levels and whose diet may reflect spatial and temporal variability in community structure and thus the types of food available (Jack and Wing, 2011) . Nitrogen isotope analysis also may provide insight into the timing or stage of development of ontogeneticrelated shifts in diet and how these vary in time and space (Hentschel, 1998; de la Morinière et al., 2003) .
However, conclusions derived from the use of N isotopes to assign trophic position can be influenced by the selected baseline δ 15 N values, against which the value of higher-level consumers are compared, and the trophic enrichment factor. Post (2002) and others (e.g., Cabana and Rasmussen, 1996) discuss approaches for obtaining δ 15 N baseline values to use in the assessment of trophic position. The accuracy of the baseline δ 15 N values of the producers can be influenced by spatial and temporal variability in producer δ 15 N values and by the presence of two or more sources of production that have differing δ 15 N values. A trophic enrichment factor of 3.4‰ is widely accepted and often used in isotope mixing models, but this factor is known to vary (McCutchan et al., 2003; Caut et al., 2009; Layman et al., 2012) . Its applicability, and the use of nitrogen isotopes in general to assess trophic position, need to be evaluated in marine systems (Wyatt et al., 2010) .
Here, we illustrate that stable N isotope analysis is a promising tool for assessing trophic positions of consumers in marine ecosystems by using two case studies: the kelp forests of southern Henry M. Page (mark.page@lifesci.ucsb.edu that are often assigned based on gut content studies or feeding observations (Vander Zanden and Rasmussen, 2001) .
Our trophic position estimates agree with reported dietary information and provide insight on the diet of consumers for which less information is available.
Most of the suspension feeders fall within the standard deviation of the mean for level 2, indicating that these species are feeding on suspended POM without significant use of zooplankton as food.
The strawberry anemone Corynactis, in contrast, was positioned similarly to the two sea star species as a top invertebrate predator. Thus, the isotope data support observations that these anemones, with their large nematocysts, are feeding on copepods, planktonic larvae, and other small zooplankton, rather than on phytoplankton (Morris et al., 1980) .
The brittlestar Ophiothrix spiculata, a suspension feeder, is positioned between levels 2 and 3, suggesting an omnivorous diet. This conclusion is supported by the little dietary information available on this invertebrate, which can often be seen with arms raised into the water column, apparently for suspension feeding, but it is also reported to feed on small benthic organisms (Morris et al., 1980) . The purple urchin Strongylocentrotus purpuratus, though capable of omnivorous feeding, is positioned near the mean of level 2, suggesting a diet largely consisting of macroalgae, as has been generally reported (Leighton, 1966; Duggins, 1981) . In contrast, the bat star Asterina is reported as an omnivore, but the N isotope data suggest that it feeds primarily as a carnivore on the study reefs. 
Spatial pat terNS iN N iSOtOpe ValueS-Kelp FOreSt
Trophic position estimates for the invertebrate consumers can be compared across reefs (Figure 2 ). Trophic position wrasses Thalassoma) fell in between these values (Figure 3) . The computed trophic position estimates agree with reported dietary information for these genera (Parrish, 1987; Kulbicki et al., 2005; Randall, 2005; Froese and Pauly, 2013) . Similar to the estimates for kelp forest consumers, trophic position values calculated using N isotopes suggest that some genera are feeding across trophic levels. In particular, the average trophic position of the six species of wrasses in the genus Thalassoma is intermediate between levels 2 and 3, suggesting a diet consisting of a mix of algae and invertebrates, while δ 15 N values for the two species of planktivorous Dascyllus indicate that the diet for these species likely also includes algae in addition to zooplankton (Wyatt et al., 2010) .
It is of interest to compare estimates of trophic position from the current N isotope analysis to those based on analysis of gut contents (Froese and Pauley, 2013 
N iSOtOpeS aND ONtOgeNetic ShiFtS iN trOphic pOSitiON
Many species of coral reef fishes display ontogenetic shifts in habitat use (Lecchini et al., 2012) that are typically accompanied by shifts in diet (de la Morinière Kulbicki et al., 2005; Pratchett et al., 2008) . Nitrogen isotope values can be useful in assessing changes in diet and trophic position during growth and development (Galván et al., 2010) . Such suggesting an ontogenetic switch in diet to one that includes more high-level invertebrate or fish prey.
Spatial pat terNS iN N iSOtOpe ValueS-cOr al reeF
Spatial differences in the relative contributions of oceanic versus reef-based nutrients can affect the δ 15 N values of reef consumers (Hanson, 2011; Wyatt et al., 2012) . We grouped the 13 locations 
Summary aND cONcluSiONS
Nitrogen isotope analysis can be an informative approach for evaluating the trophic position of consumers in kelp forest and coral atoll food webs. comparing the diets of species capable of feeding omnivorously (Post et al., 2000; Jack and Wing, 2011) . Notably, diet studies on some of our higher-level fish consumers (i.e., rockfish from the rocky reef) report both invertebrates and fish as prey. Trophic position estimates suggested that these fish were feeding predominately on lower-level invertebrates rather than as piscivores.
There are few studies that have used N isotopes to explore trophic position in marine systems. In one exception, Jack and Wing (2011) reported rock lobsters feeding at a higher average trophic level inside than outside of kelp beds, which may have reflected the availability of different types of prey between these locations. Our data support the use of N isotopes to assess trophic position, and thus their potential utility as one metric with which to investigate the effects of short- 
